Idiopathic torsion dystonia (also known as dystonia musculorum deformans) has long been considered to be genetically transmitted, although a significant proportion of subjects are isolated cases. The pattern of inheritance has been unclear. Johnson et al,1 Larsson and Sjogren,2 and Zeman and Dyken,3 for instance, claimed that inheritance is dominant. Eldridge et al4-6 concluded that two types of idiopathic torsion dystonia (ITD) exist. In one type, allegedly limited to Jews, limbs are affected before axial muscles, onset occurs early in life, and the inheritance pattern is recessive, while the other type is seen in non-Jews, affects axial muscles first, starts later in life, and is inherited as a dominant trait. In 1976, Eldridge and Gottlieb7 acknowledged that non-Jews with ITD might also show a recessive form of inheritance and Jews a dominant one. In 1979, Eldridge and Koerber8 suggested that all Jewish cases, in fact, had an autosomal recessive pattern, but quasidominance** accounted for the occurrence of ITD in successive generations. The conclusions of Eldridge and associates were not based on any quantitative analysis. Moreover, their case material may have been biased. Therefore we have reviewed their conclusions.9
We recently conducted a nationwide study of ITD in Israel.10 11 As the entire population was studied, selection bias was minimal. Moreover, detailed demographic data were available. Therefore, we could analyse the mode of transmission of ITD in Jews in the Israeli population with greater precision than had been possible previously.
Methods
The method used for case finding has been described before.10 11 In 1975, a study of torsion dystonia in the Israeli population was started. As a first step, **Quasidominance refers to a situation where an affected offspring inherits one defective gene from a heterozygous (carrier) parent and the other defective gene from a homozygous (affected) parent.
Nelly Zilber, Amiios D Korczynl, Esther Kahania, Kaltnan Fried, anid Miltoni Alter diagnostic criteria were formulated. To be considered a firm case of torsion dystonia, a patient had to have dystonic posturing or movement and a progression in the abnormality at some time during the course of illness. The perinatal history had to be devoid of abnormalities such as asphyxia or jaundice, and subsequent history could include no bout of encephalitis or trauma which might have produced dystonia. Metabolic disorders such as Wilson's disease or calcium abnormalities had to be specifically excluded. Patients with focal or segmental dystonia (for example, graphospasm alone) were accepted only as a separate subgroup, as were patients who had only torticollis. Where available records were insufficient to establish a diagnosis, the patient was re-examined.
Patients fulfilling the diagnostic criteria were interviewed to establish their pedigree. We specifically asked for the dates and places of birth of forebears, descendants, and collaterals, as well as dates and causes of death and parental consanguinity. We also inquired about abnormalities in posture and movement among relatives; available relatives were personally interviewed and examined.
The figure) . In family E tremor appeared in three successive generations: the father of the proband had a severe tremor of the head and hands and the proband's two sisters had tremor of the hands, as did one of his two daughters. In family F the mother of the proband had blepharospasm. She died of a myocardial infarction before she could be examined.
In family G the sister of the proband stammered when emotionally upset. In family B and family C stammering and tremor respectively were found as well. Also a maternal uncle of an 'isolated' case was reported to have died with 'scoliosis', which could have been dystonic posture.3 If all these cases were 'formes frustes' of ITD, there would be 27 affected subjects with an expected number of 39 5, raising the penetrance to 68 %. However, the observed number of cases in parents, offspring, cousins, aunts, and uncles was higher than expected in a simple recessive model, so that incomplete case finding can be discounted as an explanation of the small number of affected sibs. We tried to salvage the recessive model by considering the possibility of variable expression of the ITD gene. If blepharospasm, tremor, scoliosis, and stammering were 'formes frustes', their inclusion added a sib in family B and another in family C, as well as a daughter, two sisters, and a father of a proband in family E. A mother of a proband would be added in family C and a sister of a proband would be added in family G. However, the discrepancy from expectation in the recessive model was increased, since the number of relatives of affected, which was already too large for recessive inheritance to be correct, would be made still larger. Moreover, addition of 'formes frustes' in family E resulted in iTD in three successive generations, a most improbable event in the recessive inheritance of a rare disorder. Also, in families C and F, two successive generations would be considered affected.
An autosomal dominant model could not be rejected. It seemed to account well for the occurrence of ITD in at least two of the four families with more than two affected subjects (families A and D plus three other families if the 'formes frustes' were accepted as ITD). Dominant inheritance could explain our data, assuming a low penetrance of 51 0/°( or 68 % if 'formes frustes' were included).
Multifactorial inheritance of the ITD phenotype requiring the presence of two or more genes could also not be rejected. All cases are unlikely to be the result of mutations, since the mutation rate would have to be very high, and we would have difficulty accounting for the concentration of cases in Jews of European (especially East European) origin, independent of their place of birth. However, since the mean age of the patients' fathers was found to be higher than the average age of fathers in the general population, and the mutation rate is correlated with parental age, at least some isolated cases might be the result of mutation. Bundey et a116 17 also observed a higher paternal age of their isolated cases of ITD who were non-Jews.
We cannot yet exclude the possibility that not all cases of ITD fit the same genetic model and heterogeneity may be present. Collection of more pedigrees with more rigorous study of allegedly 'normal' relatives will increase our understanding of the genetics of ITD. Of course, if a biochemical abnormality were found, it would greatly simplify the classification of patients currently classified on clinical grounds alone.
Discovery of a biochemical marker would also facilitate genetic linkage studies. The small number of familial cases available in Israel and the very large number of known genetic traits which would have to be tested combine to make linkage studies unfeasible at present.
Finally, a question arises as to why the disease is more common among Ashkenazi Jews than in other populations. An unusually high penetrance is unlikely since our figures of penetrance are similar to those of Zeman and Dyken for non-Jews.3 Assuminig all sporadic cases were new mutations, the mutation rate in European Jews would be 1:104 000 to 1:63 000 gametes, which is much higher than the mutation rate of 1 :3 000 000 to 1:500 000 calculated by Zeman and Dyken3 and based on non-Jews plus one Jewish family. But 
